The endothelins (ETs) are peptides that have a diverse array of functions mediated by two receptor subtypes, the endothelin A receptor (ET A R) and the endothelin B receptor (ET B R). Pharmacological studies have suggested that in peripheral tissues, ET A R expression may play a role in signaling acute or neuropathic pain, whereas ET B R expression may be involved in the transmission of chronic inflammatory pain. To begin to define the mechanisms by which ET can drive nociceptive signaling, autoradiography and immunohistochemistry were used to examine the distribution of ET A R and ET B R in dorsal root ganglia (DRG) and peripheral nerve of the rat, rabbit, and monkey. In DRG and peripheral nerve, ET A R-immunoreactivity was present in a subset of small-sized peptidergic and nonpeptidergic sensory neurons and their axons and to a lesser extent in a subset of medium-sized sensory neurons. However, ET B R-immunoreactivity was not seen in DRG neurons or axons but rather in DRG satellite cells and nonmyelinating ensheathing Schwann cells. Thus, when ETs are released in peripheral tissues, they could act directly on ET A R-expressing sensory neurons and on ET B R-expressing DRG satellite cells or nonmyelinating Schwann cells. These data indicate that ETs can have direct, nociceptive effects on the peripheral sensory nervous system and that peripheral glia may be directly involved in signaling nociceptive events in peripheral tissues.
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The endothelins (ETs) are 21 amino acid peptides originally cloned from bovine aortic endothelial cells (Yanagisawa et al., 1988) and are expressed as three biologically active peptides: ET-1, ET-2, and ET-3. Endothelins are expressed by a variety of cell types including endothelial cells (Yanagisawa et al., 1988) , macrophages (Ehrenreich et al., 1990) , astrocytes (MacCumber et al., 1990) , and neurons (Giaid et al., 1989) .
In mammals, ETs produce their biological effects via activation of two receptor subtypes, the endothelin A receptor (ET A R) and the endothelin B receptor (ET B R). ET-1 and ET-2 have greater affinity for ET A R than does ET-3, whereas all three peptides have similar affinities for ET B R. ET A R and ET B R are coupled to multiple but distinct second messenger systems. Activation of ET A R stimulates cAMP formation, whereas activation of ET B R inhibits cAMP formation while increasing phosphoinositide turnover, mitogen-activated protein kinase activation, and intracellular calcium levels (MacCumber et al., 1990; Aramori and Nakanishi, 1992; Kasuya et al., 1994; Kitamura et al., 1999) . These receptors also have different intracellular trafficking pathways because ligand stimulation of ET A R induces internalization and recycling of ET A R, whereas ET B R internalizes but apparently does not recycle to the plasma membrane (Bremnes et al., 2000) . ET A R and ET B R are widely distributed throughout the body, but each receptor has a unique distribution. ET A R mRNA is abundant in vascular smooth muscle cells in a variety of tissues, whereas ET B R mRNA is present in a wider variety of cell types with predominant expression in vascular endothelial and glial cells in the brain (Hori et al., 1992) .
Several biological processes are mediated by ET with the most studied being its potent vasoconstrictive activity, but ETs also display pulmonary (de Nucci et al., 1988) , renal (Harris et al., 1991) , and neural effects (MacCumber et al., 1990; Baba, 1998) . Previous studies also suggest that ETs may play a role in the transmission of nociceptive information in both animals and humans (Yoshizawa et al., 1989; Dahlof et al., 1990; Raffa et al., 1991 Raffa et al., , 1996a Davar et al., 1998; Fareed et al., 2000; Piovezan et al., 2000) . However, because of the robust vasoconstrictive activity of ETs, it is unclear whether the generally pronociceptive actions of ETs are caused by direct actions on sensory neurons or whether the effects are mediated indirectly via vasoconstrictioninduced ischemia and subsequent acidosis.
To begin to understand the mechanisms by which peripherally released ETs can generate nociceptive behaviors, receptor autoradiography and immunohistochemistry with confocal microscopy were used to define the cell types that express these receptors in sensory ganglia and peripheral nerve of the rat, rabbit, and monkey. The results suggest that two distinct mechanisms may be involved in ET-mediated nociception, one by ETs interacting with ET A R-expressing neurons and the other by ETs acting at ET B R expressed by dorsal root ganglion (DRG) satellite cells and ensheathing Schwann cells (ESCs). Elucidating the mechanisms by which ETs activate DRG satellite cells and ESCs to induce a nociceptive response may provide insight into the role that peripheral glia play in nociceptive signaling.
MATERIALS AND METHODS
Animals and tissue preparation. All procedures were approved by the University of Minnesota Institutional Animal C are and Use Committee and by the Subcommittee on Animal Studies at the Minneapolis Veterans Affairs Hospital. A total of 20 male Sprague Dawley rats (Harlan, Madison, W I), 6 male New Z ealand rabbits (Birchwood Valley Farms, Red Wing, M N), and 2 male rhesus monkeys were used in the current studies. All animals were normal, naive animals with the exception of three rats that, while under ketamine and xylazine anesthesia, had two tight ligatures tied around the sciatic nerve ϳ1 cm apart. The animals that received nerve ligations were killed 7 d after surgery. All animals were deeply anesthetized with sodium pentobarbital and then transcardially perf used with 0.1 M PBS. After perf usion, sciatic nerves and lumbar DRG were collected and placed in Tissue-Tek embedding medium (Miles, Elkhart, I N) and rapidly frozen on dry ice. DRG from the first to fifth lumbar segments (L1-L5) were collected because they represent the major source of sensory nerve fibers in the sciatic nerve. Frozen 15 m sections were cut on a cryostat and thaw mounted onto gelatin-coated slides. Sections were stored at Ϫ70°C until used for immunohistochemistry or autoradiography. For autoradiography, DRG sections from rat, rabbit, and monkey were used; for immunohistochemistry, DRG sections were used from rat and rabbit, and sciatic nerve sections from rat were used.
Endothelin receptor binding. Endothelin receptor binding was performed as described previously (Ghilardi et al., 1994; Rogers et al., 1997) . Briefly, slide-mounted sections were rinsed in a solution containing 170 mM Tris-HC l, 10 mM MgC l 2 , and 0.01% ascorbic acid, pH 7.4. The tissue sections were subsequently incubated in the same buffer containing 80 pM 125 I-ET-1 (DuPont N EN, Boston, M A). To determine nonspecific binding, paired serial sections were incubated as described above with the exception that 1 M ET-1 (American Peptide Company, Sunny vale, CA) was added to the incubation medium. After incubation, the slides were washed twice in 170 mM Tris-HC l and then rinsed in distilled water, dried under a stream of cool air, and stored overnight under desiccating conditions. Slides were then processed for emulsion-dipped autoradiography as described previously (Mantyh et al., 1989 (Mantyh et al., , 1995 . For Nissl counterstaining, slides were immersed in 1% cresyl fast violet for 30 min, rinsed in distilled water and then in 96% ethanol, cleared in xylene, and coverslipped. Dark-field and bright-field photomicrographs were taken of the emulsion-dipped and Nissl-counterstained sections. Controls for chemographic artifacts were generated by performing the binding exactly as described except that the radioligand was omitted from the incubation medium. For comparison of 125 I-ET-1-binding sites and glial fibrillary acidic protein (GFAP)-immunoreactivity, serial sections were alternately processed for ET-1 binding or GFAP-immunoreactivity as described below.
Immunohistochemistr y. Slide-mounted sections were rinsed for 10 min in PBS and then fixed in acetone at 4°C for 20 min. Sections were air dried, rehydrated in PBS for 10 min, and then incubated in blocking solution (2% normal donkey serum and 0.3% Triton X-100 in PBS) for 30 min. The blocking solution was removed, and sections were incubated in the relevant primary antibody. A subset of primary afferent fibers was identified by the use of antibodies against calcitonin gene related peptide (CGRP; rabbit anti-CGRP; 1:8000; Sigma, St. L ouis, MO) or against phosphorylated 200 kDa neurofilament protein (rabbit anti-RT-97; 1:500; Serotec, Raleigh, NC), a marker of myelinated neurons and their fibers. Peripheral supporting cells (ESC s and DRG supporting cells) were identified by the use of antibodies against GFAP (mouse anti-GFAP; 1:500; Sigma). Although GFAP is typically considered a marker of astrocytes, it has been shown that ESC s, but not myelinating Schwann cells (MSC s), express GFAP Mirsky, 1984, 1985; Jessen et al., , 1990 . Endothelin receptors were identified by the use of sheep anti-ET A R (1:200; Research Diagnostics, Inc., Flanders, NJ) and sheep anti-ET B R (1:200; Research Diagnostics, Inc.). Neuronal nuclei were stained by using mouse anti-NeuN (1:70; Chemicon, Temecula, CA). Tissue sections were incubated in the above antisera overnight at room temperature. For double labeling, after incubation in primary antisera, slides were rinsed three times for 10 min each in PBS and then incubated overnight at room temperature in a different primary antiserum. After this second incubation, slides were rinsed three times for 10 min each and then incubated in a mixture of biotin-conjugated anti-sheep IgG (1:500; Jackson ImmunoResearch, West Grove, PA; for ET A R and ET B R) and indocarbocyanine-conjugated antisera (1:600; Jackson ImmunoResearch) raised against either mouse IgG (for GFAP or NeuN) or rabbit IgG (for CGRP or RT-97) for 2 hr at room temperature. Slides were rinsed three times for 10 min each in PBS and then incubated with FI TC -conjugated streptavidin (1:500; Jackson ImmunoResearch) for 45 min at room temperature. Sections were then rinsed three times for 10 min each in PBS and coverslipped.
Fluorescent images were acquired by use of an Olympus Fluoview confocal system and an Olympus BX-50 microscope. To determine colocalization of the proteins of interest, color images (red and green) were overlaid so that areas of colocalization appeared yellow. To determine the number of DRG neurons, the following procedure was followed: neuronal cell bodies were counted only if the nucleolus was visible (seen as an area devoid of immunoreactivity in the center of a DRG neuronal cell body), and the size of the cell body was then estimated in square micrometers by use of an eyepiece grid. DRG cell bodies with areas of Ͻ1200 m 2 were classified as small-diameter neurons, and those with areas Ն1200 m 2 were classified as medium-to-large-diameter neurons. This provides a more accurate description of the distribution of the proteins in cell populations of different sizes. Because of species crossreactivity issues, not all antibodies could be used in all animals. In rabbit, DRG were processed for ET A R-, ET B R-, and GFAP-immunoreactivity. In rat DRG and sciatic nerve, all antibodies listed above were used.
RESULTS

Endothelin receptor distribution in dorsal root ganglia
Autoradiography for endothelin receptor-binding sites in rat, rabbit, and monkey DRG revealed distinct, dense areas of 125 I-ET-1 binding, forming ring-like structures within the DRG. This observation is in agreement with a previous report of 125 I-ET-1-binding sites in the rat DRG (Kar et al., 1991) . These ring-like structures appeared to correspond to DRG supporting cells because the binding sites closely overlapped with GFAPimmunoreactivity (data not shown) but surrounded, rather than overlapped, Nissl-stained cell bodies in the DRG (Fig. 1) . Although 125 I-ET-1-binding sites in the DRG typically formed these ring-like structures, other, less dense areas of binding were also distributed over areas corresponding to small-to-mediumdiameter DRG neuronal cell bodies (see Fig. 1, arrowheads) . This distribution of ET-1-binding sites was qualitatively similar in all rat, rabbit, and monkey DRG sections examined.
To define at the single-cell level the specific cell types that express ET A R and ET B R in DRG and peripheral nerve, we used immunohistochemistry and confocal microscopy. These allow for unequivocal single-cell resolution while simultaneously visualizing multiple markers of specific cell types. Double labeling for ET A R or ET B R and markers of peripheral supporting cells or primary afferent fibers revealed a distinctly different distribution of the two receptor subtypes. In rat and rabbit DRG, ET B Rimmunoreactivity showed a near one-to-one correspondence with GFAP-immunoreactivity (Fig. 2) , indicating that ET B R in DRG is expressed primarily by DRG satellite cells.
In contrast to the results seen with ET B R-immunoreactivity, immunohistochemistry for ET A R in rat and rabbit DRG demonstrated that this receptor is expressed by a subpopulation of primary afferent sensory neurons. ET A R-immunoreactivity was seen in a subpopulation of DRG neurons. In the DRG sections examined, 37.5 Ϯ 3.7 (mean Ϯ SEM) of the total number of neurons expressed ET A R. DRG neurons that express ET A R were primarily small-diameter neurons, with 76.4 Ϯ 2.8% of the ET A R-ir neurons classified as small-diameter DRG neurons (Ͻ1200 m 2 ), whereas 23.6 Ϯ 2.8% of ET A R-ir neurons were classified as medium-to-large-diameter DRG neurons (Ն1200 m 2 ). DRG neurons were classified as either small-diameter or medium-to-large-diameter neurons, and importantly, ET A R-ir was never observed in large-diameter neurons (i.e., Ͼ1600 m 2 ). Thus, ET A R-ir neurons that were classified as medium-to-largediameter neurons can more specifically be said to be mediumdiameter neurons (typically from 1200 to 1600 m 2 ). To define further the population of primary afferent neurons expressing ET A R, we stained individual DRG sections for ET A R and either CGRP (to denote C fibers; Fig. 3D-F ) or RT-97 (to denote A fibers; Fig. 3G-I ). We could not determine whether ET A R was expressed by the population of small sensory neurons that bind Bandeira simplicifolia isolectin B4 (IB4) because of technical limitations inherent to the use of the ET A R antiserum and the IB4-labeling process. First, the ET A R antiserum used in the present study will not label formalin-fixed tissue, which is required for IB4 labeling. Second, the procedures for IB4 labeling and ET A R immunohistochemistry each require biotin amplification, rendering the two procedures incompatible. There was a significant amount of colocalization of ET A R and CGRP in DRG neurons but significantly less colocalization of ET A R and RT-97. Of the total number of ETAR-ir neurons counted, 65.9 Ϯ 6.1% were immunoreactive for CGRP, whereas 24.0 Ϯ 3.7% of ETAR-ir neurons were immunoreactive for RT-97.
Endothelin receptor distribution in sciatic nerve
Endothelin receptor autoradiography for binding sites in the rat and rabbit sciatic nerve showed a large number of binding sites distributed along the nerve with dense areas of binding forming intermittent bands through the length of the nerve. This pattern of binding was indicative of binding sites present on neuronal fibers, MSCs, or ESCs. Comparison of serial sections alternately processed for 125 I-ET-1-binding sites and GFAP-immunoreactivity revealed that the areas of dense 125 I-ET-1 binding closely corresponded with GFAP-immunoreactivity (Fig. 4 A,B) . However, other less dense binding sites that did not have any apparent relation to GFAP-immunoreactivity were also seen throughout the nerve. These data indicate that the majority of 125 I-ET-1-binding sites in the sciatic nerve represent endothelin receptors expressed by ESCs but that other ET receptors also are present either on neurons or on MSCs.
Placement of two tight ligatures around the sciatic nerve of rats markedly altered the pattern of 125 I-ET-1 binding. After this procedure, receptors being transported in sensory neurons usually accumulate between the DRG and the proximal ligature as well as on the far side of the distal ligature. Conversely, receptors that are expressed by peripheral supporting cells accumulate between the two ligatures (Kumara-Siri and Gould, 1980). Seven days after the double ligation, there was a significant buildup of 125 I-ET-1-binding sites between the two ligatures, with a smaller amount of buildup between the DRG and the proximal ligature (Fig. 4C) . These data are consistent with the expression of ETR by both neurons and peripheral supporting cells.
Virtually all ET B R-immunoreactivity in the sciatic nerve colocalized with GFAP-immunoreactivity (Fig. 5A-C) , again indicating that ET B R is expressed by ESCs. Conversely, ET B R-immuno- reactivity was absent in CGRP-immunoreactive fibers (data not shown). Immunohistochemistry for ET A R in the sciatic nerve also showed a neuronal localization of this receptor. ET A Rimmunoreactivity showed a high degree of colocalization with CGRP-immunoreactive fibers (Fig. 5D-F ) but showed virtually no colocalization with GFAP-immunoreactive supporting cells (data not shown).
DISCUSSION
Differences between ET A R and ET B R in the peripheral nervous system
Different types of pain (e.g., inflammatory pain, neuropathic pain, and bone cancer pain) each generate unique "neurochemical signatures" that are characterized by a unique set of changes in expression of neurochemical markers such as substance P (SP), CGRP, cFos, and GFAP. Thus, different mechanisms may be involved in the generation and maintenance of these different persistent pain states (Hokfelt et al., 1994; Basbaum, 1999; Honore et al., 2000a) . The PNS is known to use a variety of neurotransmitters and neuromodulators to convey nociceptive information; ETs are among those entities implicated in this process. The demonstration that ET A R and ET B R are expressed by different cell types in peripheral nerve and sensory ganglia indicates that both may be involved in pain transmission. Expression of ET A R by primary afferent nociceptors provides a mechanism by which peripherally released ET can act directly on sensory neurons, whereas expression of ET B R by ESCs and DRG satellite cells indicates that peripheral glia may play a role in nociceptive signaling.
Peripherally released ET-1 appears to act at ET A R to generate acute or neuropathic pain because peripheral administration of ET-1 induces nocifensive behaviors that are reversible by administration of ET A R-selective antagonists (Dahlof et al., 1990; Raffa et al., 1991 Raffa et al., , 1996a Davar et al., 1998; Fareed et al., 2000; Jarvis et al., 2000) . Still, the mechanism by which ET A R mediates nociception is unclear. Endothelins are potent vasoconstrictors, an effect occurring primarily via ET A R present on vascular smooth muscle cells, including those surrounding neural mi- crovessels (Gray, 1995; Dashwood and Thomas, 1997) . Thus, ET A R-mediated pain behaviors could be caused by ischemia and subsequent acidosis rather than by a direct action on primary afferent fibers. However, data from the present study suggest that peripherally released ET could directly stimulate primary afferent neurons expressing ET A R. Observations that direct application of ET-1, but not the vasoconstrictor epinephrine, to the sciatic nerve of rats induces morphine-reversible nocifensive behavior also indicate that this nocifensive behavior is caused by direct actions on peripheral nerve versus indirect ischemic action (Davar et al., 1998) .
Peripheral ET B Rs have also been implicated as mediators of nociception, although primarily in inflammatory pain states. Whereas ET B R agonists alone typically do not induce nocifensive behaviors, they potentiate such behaviors when administered after intraplantar injection of formalin or intra-articular injection of either carrageenan or bacterial lipopolysaccharide (Piovezan et al., 1997; De-Melo et al., 1998a) . Furthermore, nocifensive responses after intraperitoneal administration of the inflammatory agent phenylbenzoquinone are absent in ET B R-deficient mice (Griswold et al., 1999) . These studies, in combination with the present observation that ESCs and DRG satellite cells but not sensory neurons express ET B R, suggest that peripheral glia may be active participants in nociceptive signaling in the peripheral nervous system.
Endogenous ET-1 in pain transmission
Reports that ET A R antagonists alleviate pain associated with diabetic neuropathy in rats (Jarvis et al., 2000) and that ET B R antagonists alleviate inflammatory pain induced by administration of bacterial lipopolysaccharide (De-Melo et al., 1998b) suggest that endogenous ETs may be important in generating and maintaining persistent pain states. Patients with sickle cell anemia that were experiencing painful vaso-occlusive crises had elevated plasma ET-1 levels that increased with the level of pain and decreased as the pain and the crises subsided (GraidoGonzalez et al., 1998) . Elevated plasma ET-1 levels may induce pain because intra-arterial injection of ET-1 results in long-lasting tactile allodynia and thermal hyperalgesia that spread along the injected arm (Dahlof et al., 1990) . Furthermore, ETs have a strong homology with the sarafotoxins, a family of peptides present in the venom of the Israeli burrowing asp Atractaspis engeaddensis (Kochva et al., 1982) . The painful effects of its bite are thought to be mediated by both ET A R and ET B R because different sarafotoxin isoforms found in this venom are potent and selective agonists at both ET A R and ET B R (Kochva et al., 1993) .
There are a wide variety of cells that could release ET in peripheral tissues. Vascular endothelial cells produce and release ET-1 under normal conditions and increase their synthesis and release of this peptide in response to stimuli such as thrombin, insulin, and hypoxia (Gray, 1995) . Low levels of shear stress also release ET-1 from cultured endothelial cells (Milner et al., 1992; Kuchan and Frangos, 1993) , suggesting that damage to vasculature can release ET-1, which could then act on primary afferent nociceptors and/or ESCs.
Macrophages also synthesize and release ET-1 during airway inflammation in rats (Finsnes et al., 1998) , and treatment of human macrophages with lipopolysaccharide also increases ET-1 synthesis and release (Ehrenreich et al., 1990) .
Sensory neurons may be important sources of ET-1, and ET-1 may act in an autocrine or paracrine manner to excite these neurons. ET-1 mRNA is found in sensory neurons that express SP and CGRP (Giaid et al., 1989) , and application of ET-1 to cultured DRG neurons potentiates capsaicin-induced CGRP release (Dymshitz and Vasko, 1994) . These findings, combined with the observations that CGRP-expressing sensory neurons also frequently express ET A R, are consistent with a role for ET A R in sensory neurons as an autoreceptor. This may be especially important in neurogenic inflammation, a process dependent on the release of neuropeptides such as SP from primary afferent fibers (Lembeck and Holzer, 1979; Bozic et al., 1996) . Plasma extravasation in the dura mater induced by electrical stimulation of the trigeminal ganglion is prevented by local administration of the mixed ET A R and ET B R antagonist bosentan (Brandli et al., 1996) .
Endogenous ETs may also generate and maintain cancer pain because several different types of tumor cells synthesize and release ET-1 (Nelson et al., 1995; Kurbel et al., 1999) . Thus, men with prostate cancer have significantly elevated plasma ET-1 levels (Nelson et al., 1995) , and administration of an ET A R antagonist reduces this cancer pain (Carducci et al., 1998) . A recently developed murine model of bone cancer pain (Schwei et al., 1999) has allowed for testing of novel therapeutic agents (Honore et al., 2000b) and may thus provide further insight into the role of ET-1 in cancer pain.
Peripheral glia as transducers of nociceptive information
The findings that ESCs and DRG satellite cells (but not neurons) express ET B R, combined with previous reports on the efficacy of ET B R antagonists in reducing inflammatory pain, indicate that peripheral glia may be involved in signaling nociceptive events in peripheral tissues. Peripheral glial cells are divided into several subtypes including MSCs, ESCs, and DRG satellite cells. MSCs and ESCs arise from the same neural crest-derived precursor cells but are driven to either the myelinating (MSCs) or the nonmyelinating (ESCs) phenotype by contact with developing axons (Jessen and Mirsky, 1999) . In the adult, ESCs can be distinguished from MSCs in that they do not express myelinrelated proteins, but they express GFAP, Ran-1, and A5E3 (Jessen et al., 1990) . Whereas each MSC myelinates one A␤ or AѨ fiber to increase conduction velocity, ESCs envelop (but do not myelinate) several or even dozens of thin primary afferent fibers (Bunge and Fernandez-Valle, 1995) . This proximity between ESCs and C fibers provides a structural basis by which cellular events occurring in ESCs could modify the excitability of these nociceptors. This may occur in part by ESCs buffering extracellular K ϩ in the axonal environment (Robert and Jirounek, 1994 ) and regulating lipid metabolism (Fullerton et al., 1998) .
DRG satellite cells share many similarities with ESCs. DRG satellite cells are morphologically distinct cells found in sensory ganglia, where they envelop small, medium, and large neuronal cell bodies. They are thought to maintain homeostasis in the DRG and may also modulate neurotransmission within the ganglia by regulating extracellular glutamate levels because they express the glutamate/aspartate transporter GLAST (Berger and Hediger, 2000) and by modulating ion flow between neuronal cell bodies (Shinder and Devor, 1994) . DRG satellite cells may also modulate DRG neurons after spinal nerve ligation because after nerve injury, sympathetic efferent fibers invade the DRG and form pericellular "baskets" around DRG neurons (Sato and Perl, 1991; Chung et al., 1996) . This sympathetic sprouting is known to be dependent on nerve growth factor (NGF) (Ramer et al., 1998; Ramer and Bisby, 1999) . A likely source of NGF in this condition is DRG satellite cells because peripheral nerve axotomy induces a significant increase in NGF mRNA in corresponding DRG satellite cells (Zhou et al., 1999) . Similar increases in NGF and brain-derived neurotrophic factor mRNA also occur in Schwann cells and DRG satellite cells during inflammation in peripheral tissues (Cho et al., 1997) , suggesting that by altering the expres- sion and release of trophic factors, ESCs and DRG satellite cells may modulate nociceptive signaling. However, because ET B Rdeficient mice show a significantly reduced inflammatory response to topical application of arachidonic acid (Griswold et al., 1999) , modulation of inflammatory processes by other cells that express ET B R may also have direct effects on the development of painful conditions.
ESCs and DRG satellite cells may also be able to signal inflammatory pain-related events by inducing the synthesis and release of compounds with known roles in inflammatory pain in response to ET B R stimulation. ET-3, presumably acting at ET B R, induces cyclooxygenase-2 and prostaglandin E 2 expression in cultured astrocytes (Koyama et al., 1999) and potentiates the expression of inducible nitric oxide synthase induced by bacterial lipopolysaccharide (Oda et al., 1997) .
The transmission of nociceptive information from peripheral tissues involves numerous neurotransmitters and neuromodulators to convey multiple types of pain. Although each pain state is unique, they all share the characteristic that they are initiated and sustained by tissue damage or pathology. Endothelins represent a family of pronociceptive peptides that may be involved in generating and maintaining pain in diabetic neuropathy, peripheral nerve injury, inflammation, and cancer. The presence of ET A R on unmyelinated and thinly myelinated fibers and ET B R on ESCs presents potential therapeutic targets for the development of novel analgesics, but perhaps more importantly, these results may enlarge our view of the role peripheral glia can play in nociceptive signaling in peripheral tissues.
